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(54) Laminate structural bulkhead 

(57) A hollow reinforced structural member (50) has 
a bulkhead (66) having a layer of thermally expanded 
resin (74) disposed between opposed side walls 
(70.72). A sleeve (81) is retained within the resin layer 
(74) and is oriented perpendicular to the longitudinal ax- 
is of the reinforce structural member (50). The sleeve 
(74) is in alignment with bolt holes (66) in opposite sides 



of the reinforced structure (50) such that a bolt (64) can 
be inserted there through. A component can then be 
bolted to the reinforced structural member at the site of 
the reinforcement The invention not only increases the 
strength of the pan, but also reduces vibration and noise 
transmission. The reinforced structure (50) may be an 
automotive (front) rail section. 
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*EZ£Z TT ra,n, °: C U " UreS - 3 retf1 ' 0ran 9 member and ™"<* of reinforcing a structural member. 
Particularly ,n automotive applicauons. box sections sucn as main frame rails are subjected to considerable stress 
forces where cross members are bolted to me rails. For examp.e. when engine cradles £^SS2£S! 

n/nt/L I" ^ I"' 1 af " USCep i bte 10 dUfabili, y cracto "9 «« time. In addrtion. the bolts which SZLSSJ 
nents in place may loosen due to vibration at the joint. Moreover, conventional structures create a 'noise path'3, 
extends from the vehicle wheels and engine through the frame and into the passenger compartment 

As wiU be appreciated by those skilled in the an. in order to bolt a heavy component to the side of a rail sect™ it 
;s necessary to create a reinforced region or support structure at the site of attachment of the X wnTch 
is used m the art is to provide a stamped bulkhead which supports a metal bushing The bli^SS! 
Hang, portions whfch are spot welded to me rail C-sectton. Sore specifically. £ ^^^^'Zl^SS 
thai extends from one wall of the rail section to the opposite wall or cap Thus the bulkh^df™ T 9 
channel or cavity defined by the rat. in order to secure this wall portion X. ,n f£E2SL*T? " ** 
flange* ma, are perpendicuar to the bulkhead waH portion; that KmS ,s « £££ 
box mat . open on one s.de. These three surfaces mate with the inner surfaces of me rail and are Ww^de5? 2? 
In order to utilize me bulkhead as a support for the cross stmetura ww,* >. JT1 - .u P p ace- 

The present inventor has developed a number of approaches to me reinforr«m a nt «i h„.i 
a reinforcing beam for a vehicle door which comprises an^en 1^ h T S " Ch 3S: 
cavity which is filled with a thermoset or mermoplasticTesiniaserr^tlSr^ ?T ""^"^"B a longitudinal 
charged wim a resin-based material; a precast EES ES^^^ 7 ""J? '""a* ind 

of pellets containing a marmoset resin with a blowing aZt ^^^.TT ^'^ is formed of a plurality 
in the structural member; a composite door beam Son ftas a «SSTJS m , 9 ^ CUr6d h ptece 

of the bore of a metal tube; a hotow Ornate bTaT^ not more 

portion which is separatedfroman hnertube ^^^^rlt^J^^?^ " nd * 3 ™ 9 *" 0U,6r 
comprises a preformed structural insert having an externa. wnS Z inliZ' 8 '",, : i =emen ' memb6r WNCh 
anda r ,w-sha P edbracketwbichse^ 

None of these prior approaches, however, deal specifically with soivino the nrnhi»me * » 

sssssk: XT' " - ™ mL — - 8 - p ;-=-r:— 

It is an object of the present invention to provide a reinforced hollow metal structure which in mmnratoe , k u 

». rs^^^'^rii-s: wM *~ ~* - 

It is a further object of the present invention to provide a reinforced frame rail section at th* . « 

member such as an engine cradle in a manner in which stress forces ^a reo^n Sf t^ ™ 

rail rather than at the discrete welds and in which noise and vibration are dampened ° rem,0fCed 

detaSr^^ - — - - 

A layer of mermafly expanded polymer is dispbseSSd fa VZ&ZSS has a ^ * ^P 08 * 1 
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assembly, where It expands to fill gaps between the reinforcing structure and the structural member and bonds the 
reinforcing structure to the structural member. 

In another aspect the reinforced structure of the present invention is a motor vehicle rail such as a front rail where 
local reinforcement for the attachment of components such as an engine cradle is required. In this aspect, the invention 
reduces vibration and noise transmission as well as increases the strength of the part at the site of the reinforcement. 

In still another aspect the sleeve is a thin wall metal bushing, the opposed walls are metal stampings with flanges 
which are welded to the structural member and the polymer is a thermally expanded epoxy resin which contains hollow 
microspheres for density reduction. 

I n still another aspect the present invention provides method of reinforcing a structural member having a longitudinal 
channel. In this aspect a laminated structure having two opposed walls separated by a layer of thermally expandable 
polymer is placed In the channel of a rail section or the like. The laminated structure has a sleeve disposed in the layer 
of thermally expandable polymer. The sleeve defines a passage perpendicular to the opposed walls. The laminated 
structure also has a pair of end flanges. The laminated structure is placed In the longitudinal channel such that said 
■sleeve passage is perpendicular to the longitudinal channel. The laminated structure is then welded to the structural 
member at the flanges. The entire structure is then heated to a temperature effective to activate the blowing agent of 
the polymer and thereby thermally expand the polymer such that it bonds the laminated structure to the structural 
member. 

The invention will be further described, by way of example only, with reference to the following figures in which: 

Figure 1 is a diagrammatic exploded perspective view of a conventional prior art bulkhead reinforcement structure; 
Figure 2 is a diagrammatic front elevational view of the structure of Figure 1 with the cap plate removed; 
Figure 3 is a diagrammatic exploded perspective view of the reinforced rail section of the present invention illus- 
trating the construction of the reinforcing laminate bulkhead; 

Figure 4 is a diagrammatic front elevational view of the structure shown in Figure 3 with the cap plate removed; and 
Figure 5 is a diagrammatic back view of the bulkhead portion of Figures 3 and 4. 

Referring now to Figures 1 and 2 of the drawings, prior art front rail section 20 is shown having C-section 22 that 
defines channel 23 and which receives cap plate 24. Bulkhead stamping 26 is seen having vertical wall 29 and flanges 
30. Bushing 32 is welded to wall 28 at an arcuate bend 33 in wall 28. Flanges 30 are welded to section 22 to hold 
bulkhead 26 in place. Bolt 36 extends through cap 24, bushing 32 and vertical wall 37 of section 22 and then through 
a component 38 which is to attached to rail 20. Nut 40 is then attached to bolt 36 to secure component 38 in place. 
This is representative of the prior art and suffers from the drawbacks described above, i.e. inadequate reinforcement, 
inadequate sound dampening and vibration problems. 

Turning now to Figure 3 of the drawings, reinforced structure 50 is shown in one embodiment as a reinforced front 
rail of an automotive frame and includes frame rail C-section 52 which is closed by cap plate 54 such that channel or 
cavity 56 is defined in reinforced structure 50. In other words the frame rail is hollow. C-section 52 includes vertical 
wall portion 58 and opposed wall portions 60 and 62. Each opposed wall portion 60,62 has a flange portion 64 of the 
attachment of cap plate 54 by welding or the like at the flange areas. Reinforcing member or bulkhead 68 is seen 
disposed in channel 56 of C-section 52 and has a first wall or side 70 and a second wall or side 72. Wails 70 and 72 
are parallel to one another and are separated by polymer layer 74; that is, polymer layer 74 is disposed between walls 
70 and 72. 

As best seen in Figures 4 and 5 of the drawings, each wail 70.72 has an associated arcuate portion (76 for wall 
72 and 78 for wall 70) which is designed to accommodate sleeve 81 in a manner to be more fully described hereinafter. 
Each arcuate portion 76,78 is approximately midway along the length of each wall 70,72 and can be viewed as a curved 
inner surface. Sleeve 81 is a metal bushing or the like and, as best seen in Figure 4 of the drawings is spot welded to 
walls 70 and 72 at weld points 63 and 85. Polymer layer 74 essentially envelopes sleeve 81 as shown in Figure 4. 

Bulkhead 68 is secured in place in channel 56 by virtue of attachment flanges 80 and 82 which extend from walls 
70 and 72 at 90 degree angles. That is, each wall 70, 72 has at each end a bent portion that mates with a similar portion 
on the opposed wall to form an attachment flange 80,82 that is welded on side wall 60,62. respectively. 

The width of walls 70 and 72 (distance between vertical wall 58 and cap plate 54} is such that bulkhead 68 is in 
contact with vertical wall 58 and cap plate 54. Accordingly, bolt 84 extends through cap plate 54 at hole 66, through 
sleeve 81 and through a corresponding hole in vertical wail 58 (not shown). Bolt 84 then extends through a hole in a 
cross member such as engine cradle 86 which is shown in phantom as fragment 86. Nut 88*is then secured on bolt 
84 to secure engine cradle 66 onto reinforced structure 50. 

Bulkhead 68 is a relatively light weight structure for the amount of strength added to the frame rail. Walls 70 and 
72 can be formed of thin steel stampings, for example from .02 to about .08 inch in thickness. Mild to medium strength 
steel is particularly preferred. Also, sleeve 81 which is preferably a metal bushing may b a thin wall tube having a wall 
thickness of from about .08 to about .2 inch and is preferably mild steel. Of course, these dimensions are merely 
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illustrative and are not intended to limit the lull seona of thn im/«,„t;~ j «• ^ • 

extends from the front of bulkhead 68 ioThe teck. 9 5 d ,h9 drawi " 9S polymer ^ 74 

resin^Zp"^ 
composes impart exce..^ strand 
» specific reference now to the comp^toJZZu ^^Zt^^T^^ * 0,6 W8i9ht Wth 

" aai™a*s^ 

SO paioant 10 about 70 paroaM by wsioM ol 2^ L f 1. by . ™ 9 ' K ""' mM1 P*««* '«» about 

a, o..o „.,.*, «. s;^^^ ^zees** a n,xM " ,ww 

ajaoa M .„ co W . Ka^™,?^ 

whch may be formed of either glass or plastic Also ihaMiMa^r™^ rnicrpspheres or microbubbles 

be either a chemical blowing agent or a KEE^S C ° mP " Se 3 bl ° Win9 a9ent *** 
the cell-forming agent comprises microsoheres or Z SSS . micros P h °res are particularly preferred. Where 
percent by v™ght.preferab£^ ,rom « Percent to about 50 

«o about 40 percent by weigh, of the ma <eriaS^ 

agent, it constitutes from about 0 5 percent to about «; n k wnere u tna ""-forming agent compnses a blowing 

4.0 percent by weigh,. m^^«S^S^^'^T f V^ Uom ,bout 1 P««ent to aboul 

« s,ruc,ural foam layer 7 TsuSe SSS^o^ aS^* V * by ^ °' * ema>l * ex P andad 

glass fiber, and chopped g«as7s'rand ?i XS^itSLTr?^ ^ Ca ' dum Carbona,e ' mi,led 
filler comprises from aboJ i 1 pl^atoJSS^ ^utarly preferred. OJher materials may ba suftable. A 

limited by molecuter we gn Z Z'tTl SSSlil *" ^ SC ° P<5 °' the presant invention b * 

,he pres/n, disclosure. Wnere ^STcSSS ^S^^r " « baSed °" 

one of ,he three component res n celSlloelf £5? » "? Wei9ht "* 3 C0 " as P°" di "9 reduction in 
orants. UV absorbers snd the I £ ma a Jf™ am ° Un,S ° f prOCeSSi " 9 aids - stabili "rs. col- 

'n«nefo«o*ng«ab^ 

» a material vvhich full expand and cures a, ab^Tsod^ 
cen,ages,,hepresen,^^ 
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« • • , v . • INGREDIENT . * • . > , f 


^ PERCENTAGE BY WEIGHT 1 


EPON 828 (epoxy resin) 
DEP. 331 (flexible epoxy resin) 
DI-CY (dicyandiamide curing agenl) 


37.0 
18.0 
4.0 
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(continued) 



INGREDIENT 


PERCENTAGE BY WEIGHT 


IMiDIZOLE (accelerator) 


0.6 


FUMED SIUCA (thixotropic filler) 


1.1 


CELOGEN AZ199 (asodicarbonamide blowing agent) 


1.2 


33 MICROS (glass microspheres) 


37.0 


WINNOFIL CALCIUM CARBONATE (C a C0 3 filler) 


0.9 



While the invention has been described primarily in connection with vehicle parts, it is to be understood that the 
invention may be practiced as part of other products, such as aircrafts, ships, bicycles or virtually anything that requires 
energy for movement. Similarly, the invention may be used with stationary or static structures, such as buildings, to 
provide a rigid support when subjected to vibration such as from an earthquake or simply to provide a lightweight 
support for structures subjected to loads. Additionally, while the invention has been described primarily with respect 
to heat expandable foams and with respect to metal parts such as the inner tubes 1 6, 58 and 76, other materials can 
be used. For example, the foam could be any suitable known expandable foam which is chemically activated into 
expansion and forms a rigid structural foam. The bulkhead walls 70,70 and sleeve 61 could be made of materials other 
than metal such as various plastics or polymeric materials or various wood type fibrous materials having sufficient 
rigidity to function as a back drop or support for the foam. Where a heat expandable foam is used the bulkhead walls 
and sleeve should be able to withstand the heat encountered during the heat curing. Where other types of foam ma- 
terials are used, however, it is not necessary that the bulkhead walls and sleeve be able to withstand high temperatures. 
Instead, the basic requirement for the bulkhead walls and sleeve is that it have sufficient rigidity to function in its intended 
manner. It is also possible, for example, to use as the bulkhead wails and sleeve materials which in themselves become 
rigid upon curing or further treatment. The invention may also be practiced where the bulkhead walls and sleeve are 
made of materials other than metal. It is preferred, however, that materials be selected so that the thin unexpended 
foam upon expansion forms a strong bond with the bulkhead walls and sleeve so that a structural composition will result 
While particular embodiments of this invention are shown and described herein, it will be understood, of course, 
that the invention is not to be limited thereto since many modifications may be made, particularly by those skilled in 
this art, in light of this disclosure. It is contemplated, therefore, by the appended claims, to cover any such modifications 
as fall within the true spirit and scope of this invention. 



Claims 

1, A reinforced structure (50), comprising a structural member (52) defining a space (£6); a reinforcing member (68) 
disposed in said space, said reinforcing member having first (70) and second (72) opposed walls; a layer of ex- 
panded polymer (74) disposed between and bonded to said first and second opposed walls, said expanded polymer 
also being bonded to said structural member; a sleeve (61 ) extending through said expanded polymer, said sleeve 
being disposed between said first and second opposed walls, said expanded polymer being bonded to said sleeve; 
and said sleeve defining a passage adapted to receive a bolt. 

2. The reinforced structure recited in claim 1 , further including a bolt which extends through said structural member 
and which extends through said sleeve. 

3. The reinforced structure recited in claim 1 or 2. wherein said reinforced structure is an automotive rail section. 

4. The reinforced structure recited in claim 3, wherein said automotive rail section is a front rail. 

5. The reinforced structure recited in claim 3 or 4, wherein said rail section is C-shaped with outwardly extending 
flanges, and a cap plate secured to said flanges. 

6. The reinforced structure recited in any of the preceding claims, wherein said opposed walls are welded to said 
structural member. 

7. The reinforced structure recited in any of the preceding claims, w.ierein said sleeve is welded to at least one of 
said first and second walls. 
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8. The reinforced structure recited in any of the preceding claims wherein «*h . 
pair of through hoies in aiignmen. w2 said ^ecel^t ^sZ^ 3 

9. ^-"^•tructurerecitedinanyofOteprece^ 

posed in said channer p erpendicular to ^ toXSK^^*"^ reinforcement member (68) dis- 
^<*P<*edratainir^(^ reinforcement member having 

«*°PP«edreteiningwallsanddermEgap^^^ 

walls and said sleeve; and a bolt extending'throu'gh' stS Tl ZtlwT^" ' " **** 
14 " ™e^ 12 ° f 13 — ' fining wa„s each include 

17. The reinforced structure recited in claim 16 wherein sairt on™, «,„ ■. 

crospheres which reduces the density of said "X * "^^^ "* ' Urther COn,ains mi ' 

having two opposed walls separated by a layer of SilSK? 5 . Pr ° V,d ' n9 3 ' 3minated stnjc,ure ( 68 > 
- d *P°^-aidfcyerofexp^^^ 

said laminated structure in said longitudLl channeUuch ^!^12T " ^ ° PP ° Sed vva,,s: P ,acin 9 

to said longitudinal channelling said lJh2S!S^?J?JL'T T"*" 9 ' " subs,an,ia,| y Perpendicular 
«o expand into intimate contact with said walte and sS I s.el """^ "* 3C ' Ua,in9 Said <*»™ 

polymer bonds said laminated structure to said 5SuS memoer * «*Pandable polymer such that said 

so 1,16 meth0d r6Cited in Claim 19 - whefein structural member is an automotive rail. 

, £ ep^ ™ ^ * MW ^ which reduce *e dens«y of 

23. A reinforced structure, comprising a structural member (501 definino a sna n- 
» ^edinsaidspace.saidreinfo^^ 3 tamU> ™ n Q mam °er (63) 

expandable polymer (74, disposed between KSKT ™ 7 ?' 3 

expandable polymer also being bonded to said structural member J^?!S. 0PP0Md ^ 



EP0 891 918 A1 



agent, 0.6% imidazole accelerator, 1.1% fumed silica, 1.2% azodiarbonamide blowing agent, 37% glass micro- 
spheres, and 0.9% calcium carbonate; a sleeve extending through said thermally expandable polymer, said sleeve 
being disposed between said first and second opposed walls, said thermally expandable polymer being bonded 
to said sleeve; and said sleeve defining a passage adapted to receive a bolt. 

24. A reinforcing member (68) comprising first (70) and second (72) opposed walls, and a sleeve (81), disposed be- 
tween said first and second walls defining a passage adapted to receive a bolt, wherein an expandable polymer 
is disposed within said reinforcing member such that it can be expanded to bond said first and second opposed 
walls and said sleeve. 
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